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(54) Spatially-controlled modified porous membrane 



(57) This inventor: folates to a genera* method to 
surface modify porous membranes with a free radical 
polymerized polymer coaling In a layer which is less 
Vr\m trie thickness o? the membrane. Another object of 
this invention relates to a general method to surface 
modify porous membranes with a tree radical poiymer- 
ived polymer .coating \o a predetermined and cons retted 
depth from a fast facial surface. Another object o< this 
fovant&n to provide a genera; method to surface mod- 
ify porous membranes with a free radical polymerized 



polymer coating into a pattern on one or both facial sur- 
faces; the pattern maintaining its form to a control 
depth into the membrane, Membrane modification is 
spatially controlled through the use of a polymerisation 
preventing agent (PPA), which prevents modification 
from occurring in denned spatially volumes of the mem- 
brane. The invention relates to porous membranes sur- 
face modified by the methods described. 
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Description 
Reid 

x ^001^ m qenoral the crasem. invention relates to porous membranes having a bulk matrix ot a iirsi material paving 
a layer of she -porous structure coated with a free radical polymerized coaling, and In particular, to porous membranes 
having a tazfk matrix ol a firs! material and a surface coating of a second roatertei -extending from one facial surface to 
a oonirolied partial depth into tne membrane, 

Backgrou nd 

fO0C2] m^mhi^nss are ij&sd for a variety of applications. Porous membranes have a 




ts Interface separating I. . . . 

the interstitial surface. The distance from the first surface to the second surface defines the membrane iluctcraass. 

Depth is used hereto to mean the perpendicular distance from one surface towards the other surface. 

[0003] Herein me term "facial surface"' shall mean either or both of the first -surface or the second surfaces. When 

discussing surface modifications, "surface 31 or Surfaces" shall mean both facial and Interstitial surfaces 
so roOD41 Porous membranes can be classified as mtoopafous membranes of ultrafiltration membranes on the oas*s 

V ' - .. .. - * S_w i .r. vm — y>vl-,v.~ V ft i>i>^rt rA;"i 



membranes Is considered to be f rom approximately 0.002 micron to about 0.05 micron. These pore sixes refer tc pore 
diameter lor circular or approximately circular pores, or to a characteristic dimension for non-circular pores. 
[CG051 The pore stes of a membrane can be denominated by the size of the smallest species (particle or moiscelej 
that cannot pass through the membrane above a specified fractional passage, A common rating is below 10% passage : 
which corresponds to a 90% cutoff or retention. Other methods are known to those skilled In the art, Isiciuding image 




membra ass are also used as sterile gas vents , which allow gas flow but prevent airborne bacteria from passing through 
the niter, u$ratfitf atio* membranes are generally used in applications where retention of smaller speeds ;s oes;red, 
Per examole. uftramtraSon membranes are used In the biotechnology Industry to concentrate proteins, and In diafifcra- 
tlon applications to remove salts and low molecular weight species from protein solutions. Both Ultrafiltration and m> 
croporous membranes can be fabricated <n several forms, Including sheets, tubes, and hollow libers, 
pobm Porous membranes are made from a variety of materials , polymers being the mast common. Many commercial 
membranes are made from engineering plastics, such as poiyethersuifone, polysuifone, polyvlnylldene fluoride, poly- 
ethylene, poiyistraflucroethylene, pferfhiorfneted thermoplastic polymers such as po^tetreiiuorx>ethyJene-oo-oe:fluoro 




membrane have essentially uniform pore size across the membrane cross-section. Asymmetric membranes have a 
structure In which the pore size Is a function of location through the cross-section. Another manner of defining asyrn- 
-15 metry is the ratio of pore sizes on one surface to ihose on ihe^opposlte surface. 

rQOOSj Membrane manufacturers commonly modify the membrane surface {Le„ the first and second surfaces and 
me ^ters^ial surface) of the bulk matrix material making up the porous membrane to Improve the performance of the 
membrane, For example. U.S. Pat No. 4,818,533, Issued to Michael J, Steuek on October 21., 19S6 : discloses and 
claims a composite ocrcus thermooiastic m&momxe wh\m comprises a porous memo rane substrate having an average 
so pore size between about 0.001 and 10 microns termed of a first polymer, the substrate being directly coated on its 
ent^e surface with a cross -linked second polymer formed from a monomer pGlyrasrteed in situ wiin a free raoioai inrtister 
cr< the substrate, where the composite porous membrane has essentially the same porous configuration as tne mem- 
^ substrate' Such processes are used to transform a membrane having hydrophobic surfaces, which bind targe 
quantities of protein In use, Into a membrane having hydttpHHc surfaces, which allow self wetting and have low protein 
£5 binding prepenses 
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2002/01 33095 describes oieophublc membranes mads by forming a pQlydimethyislioxane coating on the surface of a 
f&nation substrate. US Pat. App, Pub. No. 2002/031 44585 describes aieophobic and hydrophobic filters made by form- 
ing a tiorosuifone coating on the surface of a filtration substrata.. Such membranes are usefui tor vents, 
[001 0] Methods of mem&rane mcdKfeaSon that use free radical Initiated copoiymer&sd coatings have proven to be 
commerciaHy successful These methods, exempted by the teachings of U.S. Pal No. 4,818.533, have been sue- 
cessfuSy used to produce a variety of products. Such methods do not significantly change the pore size of the case 
membrane, and ean be used to produce e variety of surface properties, e.g., hydrophilic, hydrophobic, ionic ch arge, etc. 
{001 1 ] The examples given above ere typical of the rouftitu.de- of ways membrane manufacturers modify membranes. 
They have in common that these methods modify all the surfaces of a membrane. Methods of modifying a membrane 
to e controlled depth from one surface are much iess numerous, 

[00121 Membranes modified to a controlled depth have utility in, for example, 96 well devices for protease assays. 
Multiscreen DP assay systems from MiiHpore Corporation (Bedford, HA) incorporate a hytir&p&iSc mlcmporous mem- 
brane with one facial surface treated to be hydrophobic. The DP membrane pistes are recommended for small total 
volume (<50 ^1} and protease assays, particularly for optical detection of filtrates, especially after prolonged (72 hrs.) 
Incubation. The study of enzyme activity by precipitation essays, in which reagents are Incubated, precipitated: washed, 
and counted, have widespread acceptance. Precipitation techniques simultaneously stop the enzyme reaction and 
precipitate (msolubillze) the enzyme. 

[001 31 A general procedure for such an assay includes the following steps when using, for example, a 96 well plate 
device: 

1 ,. Add a liquid containing the enzyme eampie and reagents to plate weiis. 

incubate (for enzyme reaction). 
S, Aod precipitation agent (usually trfchicroacetlc acid [TO A], typically 5% final concentration} to stop reaction and 
precipitate proteins. 
4 incubate at4°C or on ice. 

5. Wash the unroacled, or tree, components away. {Collect if needed to quant itate free.) 
8. Count precipitate (bound on filter) and/or titrate (free). 

£001 4] To conduct small volume assays, a membrane having a hydrophflto layer and a hydrophobic layer is especially 
useful The liquid sample Is applied to and held in the hydrophiiie (top) iayer during Incubation. The bottom hydrophobic 
layer prevents leakage until a vacuum or pressure force is applied to overcome the hydrophobic force preventing 
permeation cr leakage, 

(001 3| Methods of modifying a fecial surface are known, 

[0016] U.S. f*at Nc> 6,468,390, Issued to Ghveifo at al. on November 2i r 1S95 ; describes a process for modifying 
aryl poiysuifone membranes by placing an ary; poiysulfoae membrane Into the presence of a hydrophilic vinyl monomer 
dissolved In a solvent and without any sensitizer or free radical Initiator; and exposing the membrane to nonionizing 
ultraviolet light tor a selectee period cf time for modifying the membrane by chemical grafting and attachment of the 
monomer at the surface of the membrane by eovateni bonding without any sensitizer orlree radical Initiator In a related 
paper >J. Membrane Sol 105 (1995) 237-247) the authors show that the depth of modification from the facial surface 
exposed to the ultraviolet light is an excessively long processing time lor a commercial process, in addition* ultraviolet 
light damages ary? sulfone polymer membranes, and such lengthy times would causa excessive damage to the porous 
structure of the membrane. 

[00171 U.S. Pat App. Pub. No. 2002/015531 1 ; filed by Mayes era/, on December o, 2001, discloses membranes 
with (facial} surfaces having desired chemical functionary created by surface segregation of a branched component 
blended with a compatible main* base component, the branched component having {he desired functionality The 
patent application is directed to articles having a hydrophobic core material with a bydrophmc surfaces. No discussion 
is given, nor contemplated about controlling the depth of modification. Furthermore, the technique Is limited to blends 
ol compatible polymers, with one polymer being capable of being entropicaliy driven to the surface. 
[D018] U.S. Par. No. .5363*012, Issued to Kcontz ei aL on November 29, 199.4< discloses a portion of an organic 
polymer article such as a membrane is made hydrophiiie by exposing a hydrophobic surface of the afilcie to a depth 
of about SO to about 5000 angstroms to atomic oxygon or hydroxy! radicate at a temperature below 100*C, preferably 
below 4Q*C> to k>?m a hydrophiiie unifo*ro surface layer of hydrophiiie hydroxy! groups. This appears directed to the 
modification of the facial surface, termed "external In the patent, of non-porous membranes. Tne very thin modified 
depth Is indicative of this because the vacuum based plasma technology used would immediately penetrate a porous 
membrane. Also, this process does not produce a tree radical polymer coating, but reacts with the base polymer of 
the membrane. Such reactions generally degrade the physical properties o? the polymer. 

100101 Somewhat related technology is described In U.S. Pat, Ma. 5,141,80$, Issued to S.L Kottitz on August 25, 
1992. in the patent, a mlcroporous structure with layered Interstitial surface treatments is prepared by sequentially 
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subjecting a untformiy sunace-treated structure to atomic oxygen treatment to remove an cuter layer of surface treat- 
ment to a generally unifoxm depth, and then surface treating the so exposed layer with another surface treating agent. 
[0020) A* descneod Lh U.S. Pat. Mo. 5,141,806, all surfaces of a porous particle are- uniformly treated with a first 
agent. The untformiy trested parties m then subjected to oxidation with atomic oxygen and /or hydroxys radicate to 

5 remove the surface gating agent from an outer layer of the interstitial (and facial) areas leaving an inner region or 
iayei modified with the first treating aceni. 

[0021 j The disclosures and examples of this reference are directed to inorganic silica particles, it Is anilKely that 
polymeric membranes ccufd withstand the oxidation conditions used to remove the treatment without suffering damage 
to its structure. Further, this process could not be used with asymmetric membranes, as any damage to the fine pore 

io retentive region of the pore size gradient characteristic of asymmetric membranes would destroy the membrane's utHky. 
[0022] U.S. Pal App. Pub. No. £002/01 8S46S, ffled by Lamon e? s£ on May t ( 2001, describes oleophobb coated 
membranes /The disclosure relates to otoophobic filtration media Including polymeric membranes end other substrates 
thai are coated with polymerized substituted or unsabstituled para-xyienes. The coating material of preferred embeds 
imsnts is Uerr/ed from one or more para-xylens dlmers. The dimer in powder form Is converted to a gaseous monomer 

is that condenses and potymerizss on substrates at room temperature, forming a par/tens coating, 

£00231 Po;y^para xybne is generally applied to the substrate using a vacuum application system. A pars-xyieoe 
dimer powder is typbaity placed In a vacuum system vaporization chamber and is heated to a temperature: above 
150*0. to convert t^e powder into vapor form. Next, the dimer In vapor term may be converted In a pyroiysis chamber 
to reactive pam-xytene vapor via pyrotysss at-650°C. The reserve vapor may then be transferred ie a polymerization 

20 chamber oontafnlng the membrane to be coated, The polymerization chamber may be maintained at ambient temper- 
ature. The reactive vapor typically polymeries on the surface -cf the substrate, forming a uniform paryiene coating 
[00241 in a preferred embodiment, deposition of the parylene layer is controlled so as to only partially coat the sub- 
strate. For exampie, a oaryiene coating may be applied on a membrane on one surface only in a layer not fully pene- 
trating the pores through the entire thickness of the membrane. The paryiene layer may also be deposited in a "polka 

6 dot* geometry on a substrate. A :< poika dot" geometry is defined as a generally regular array of areas having a circular 
or other shaped profile including deposited pan/tone and separated from each other by areas of bare substrata with 
no deposited parytene. 

[00251 This method is limited to para-xyiene polymers, and cannot be adapted to free radical polymerized polymers. 
Alec, since it relies on condensation of the vaporous monomer onto the surfaces, which ml\ occur! rom the fadai surface 
so into the sntersMat region, the facial and outer regions wit! necessarily be more heaviiy coated, which will tend to plug 
the surface pores, particularly for small pore membranes, reducing permeability 

[0026] The single-film bipolar membranes disclosed In U.S. Pat No 4,140.815. issued to Dege ox si. on February 
20, 1 379) comprise a matrix of a polymeric film In Intimate dispersed ' relationship with a relatively high amount of an 
aromatic polymer, which is suitably cross-linked such as v/ith a dl- or poly-functional compound. Highly dissociable 

3$ cation exchange groups are chemically bonded to the sromaiic nuclei from one side of the film, while highly dissociable 
anion exchange groups are subsequently chemically bonded to the remaining aromatic nuclei on the opposite side. 
The membrane so composed functions as a durable water- splitting membrane to generate acid and base from dissolved 
salts byeiectrodlaiysis. Such single film bipolar membranes are prepared from pre-swollen films containing a relatively 
high amount, i.e., at least 15% of an insoluble cross-linked aromatic polymer. Under controlled conditions, highly dte- 

*o sociable cailsnio- exchange groups are chemloeJiy bonded to the aromatic nuclei to a desired depth or the film from 
one side only; subsequently, highly dissociable an ion-exchange groups are chemically bonded to the unreached aro- 
matic nuclei on the other side of the lite. Bipolar membranes are by their nature non-porous, 

10027} Accordingly, there is a need for a method to modify porous membranes to a predetermined depth form one 
facial surface with free radical polymerized polymer coatings. Furthermore, there is a need' for integral membrane 
4$ products having a functional modification on surfaces of a omdsiermined and controlled region of the interstitial volume, 
inducing one facial surface. An integral membrane has a unified structure, such as a single sheet or hollow fiber 
membrane. This also includes composite membranes, such as described in U.S. Pat. Mo. 4,824,583, and membranes, 
such as described in POT Pat, App. Pub. No, WO 01-89673. 

[0028} For ease of description, the predetermined and controlled region of the intersiitiai volume: usually including 
50 one facial surface, will be termed herein a >a layer" . 

[002S] There Is also a need for modified membranes having a desired surface pattern where the modification Is 
prevented from forming, and with this prevention being extended to a controlled depth into the membrane. 

[3030] An object of this Invention is to provide a general method to modify porous membranes with a free radical 
polymerized polymer coating to a predetermined and controlled dapth from a first facial surface. Another object of this 
invention is to provide a general method to modify porous membranes with a tree radical potymehzed poiymer coating 
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In a layer at a predetermined and controlled depth trom each faciei surface. Another object of this invention is to provide 
3 general method to modify porous membranes wfth a free radical polymerized polymer coating into a paUem on ono 
surface, the pattern maintaining its form to a controlled depth into trie membrane. Another object ot this invention is to 
provide a general method to modify porous membranes with a free radical poiymer&ed polymer coating ins© a pattern 
* on both surfaces, the patterns being the same or different, trie patterns maintaining their form to a controlled depth 
into the membrane from the surface at which they are formed* An object of this invention is to provide for modified 
membranes thai result from the genera! methods. 

[0031] in the general method, for producing a free radical polymerised polymer coating to a predetermined and con- 
trolled depth from a first fecial surface, a porous membrane is optionally wetted with a wetting liquid. The completely 

f<? wetted membrane is then optionally exchanged tor the. solvent in which the desired membrane modifying reaction b 
to occur. The memo race is then exchanged for a solution comprising at least one free radical poiymer&able monomer, 
an optional polymerization initiator and cross-linking agent in a solvent lor these three constituents. The membrane is 
then contacted from one facial surface with an agent that diffuses from that facia] surface to a controlled and desired 
depth and Is capable of preventing polymerization from occurring, i.e., a poiymerizatlon preventing agent (PPA). A 

15 preferred PPA Is oxygon. Preferably; the PPA operates to prevent polymerization Initiation from occurring. The PPA 
may also operate by limiting pciymchz alien to low molecular oliglmenc species which are easily removed In subsequent 
washings. The membrane Is exposed to an energy source, such as, but no! limited to, thatmai.. .-u&rayi&te; light electron 
beam or gamma radtaiioft, either subsequently to PPA. diffusion, or while diffusion Is occurring, which Initiates polyrm 
creation In the interstitial volume and second facial surface net diffused to by the PPA so as to form the erosslinked 

2$ polymer coating on membrane surfaces in the. Interstitial volume not Effused Into by the PPA and second surface and 
not In. the volume occupied by the PPA or the faolai surface contacted with the PPA. To form a layer at a depth from 
each facial surface, both facial surfaces would be exposed to the PPA sufficiently so that the PPA would diffusa to a 
depth from each facial surface sufficient to ieave an undiffused layer In the membrane thickness. 
[0032] in another embodiment of the general process, the membrane facial surface contacted with the PPA is covered 
with a patterned mask with open areas : allowing: the PPA to diffuse through the open areas, but not where the mask 
covers tt\& membrane. This embodiment results in a pattern of modification in which the covered areas are modified 
with a free radical polymerized polymer, while the open areas give an unmodified are to a depth controlled by the extent 
of the diffusion process, The mask can be a plastic or metal film cut tc the desired pattern, in some embodiments, the 
mask or mask design can be printed or painted onto the surf ace of the membrane to be in contact with the P PA. Patterns 

v£? can be formed on both sides by the use of masks, etc., on each facial surface. 

£0033] A key feature of this process lies In the use of the PPA to control the free radical polymerization to a depth 
desired, in the prior art, any attempts at control are due to extent to which the reaction can penetrate Into the membrane. 
However, while penetration brings the reaction deeper Into the depth of the membrane, the outer facial surface and 
regions close-by are continuously exposed to the reaction. The relatively longer reaction time can cause differences 

3s in properties in different regions of the depth, making product control difficult. In contradiction to this> this present 
invention uses a PPA to prevent polymerization where surface modification is not desired. This allows polymerisation 
to occur uniformly in the depth not containing me PPA. 

[0034] • n an embodiment > a hydf cphob ;e membrane is modified tc have a layer of a iunctlcnai tree radical polymerized 
erosslinked polymer coating. Such functional costings include, but are not limbed to hydrcphlUo, hydrophobic, lorucatiy 
*g charged, and icganc containing. 

[0035] In en embodiment, a uniformly bydrophlilcaliy modified porous membrane, as for example, described In U.S. 
Pat. No. 4.818,533, is further modified to have a hydrophobic or functional layer. 

[303S| in an embodiment, a uniformly ionieally charge modified porous membrane, is further modified to have layer 
of a second ionic charge. 

& [0037] in an embodiment, the hydrophobic layer will have a surface such that it does not wet with a solvent having 
a surface tension greater than about 1$ mWrru 

f.0038"! In an embodiment, a uniformly hydrophiiically modified porous membrane, as for example, described in U,S. 
Pat. No. 4,618,533, Is further modified to have an ionically charged layer 

{Q039J tn an embodiment, a hybrophillc membrane modified to have a hydrophobic layer wili be suitable for use In 
so a protease assay, 

[0040] irr other embodiments, the iayar or layers are formed in a pattern or patterns. 

P:g??.fM^ n °r the F igures 
^ [0041] 

Figure i Is a cross-section view of the membrane of Example 1 . 
Figure 2 Is a cross-section view of the membrane cf Example 3. 
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Detailed Descr jpllon 

[00421 in general, the present invention provides a method that can be used to protiuca surface moolffed porous 
membranes In which the medication Is spatial controlled to occur within a desired volume of the membrane, and tf 
* further desired, to occur in designed patterns , 

[D04S] ^lembranes made by this method may have their surface modified trorn ai least one facia? sarface to a oon- 
trciied depth inlo the membrane porous structure, of a depth less than itse total thickness ot the membrane. This whs 
result in a membrsne having a layer of modified suhaces. 

[0844] Membranes modified to a controlled depth have utility 4 m, for example, 98 well devices for protease assays, 
1$ Multiscreen DP assay systems from MUHpore Corporation (Bedford, MA) incorporate a hydrcphiHc mieropcmus mem- 
brane with one facial surface treated to be hydrophobic. The DP membrane piates are recommended for small toiaf 
volume {«50 jxl) and protease assays, particularly for optical detection of filtrates, especially after prolonged (72 hrs.) 
incubation. The study of enzyme activity by predp Station assays. In which --rsagsnts are incubaierf s precipitated, washed, 
and counted, have widespread acceptance. Precipitation techniques simullaneousiy stop the enzyme reaction and 
(S precipSats (msoSubilize) the enzyme, 

[0045] Also, membranes made by this method may have their surface modified in a pattern from at leas? one facial 
surface is a controlled dapih into the membfane porous structure, of a depth less than the total thickness of the msn> 
brans. 

[00481 Membranes modified with a pattern to a controlled depth have utS&y In, tor example, In arrays for protein 
Immobfeailon. Arrays are used to provide an orderly arrangement of samples, especially in a matrix which can be 
indexed and identified in robotic methods, in a protein binding array, each ceil of the array will have a specific binding 
chemistry. At low pB and with low salt content solutions, proteins can be bound to positively charged groups on the 
array through electrostatic interaction of positively charged amino acids such as lysine, arginlne and histldine. At high 
pH and w&h low salt content solutions, negatively charged groups on the array will bind proteins through electrostatic* 
2$ interaction of negatively charged am ho acids such as aspartic acid and glutamic- aekL Antibodies are hound to the 
array surface to test for specif ie Interactions wiJh proteins. 

[004?| in the general method for producing a free radical polymerized polymer coating to a predetermined and con- 
trolled depth from a first facial surface, a porous membrane is optionally welts d with a wetting liquid. The completely 
welted membrane is then optionally exchanged for the solvent \n which the desired membrane modifying reaction Is 
to occur. The membrane is then exchanged for a solution comprising at least one free radical poiymeri2abfe monomer, 
an optional polymerization Initiator and cross -linking agent in a solvent for these three constituents. The membrane Is 
then contacted from one facias surface with an agent that diffuses from that facial surface to a controlled and desired 
depth and is capable of preventing polymerization from occurring, i.e., a polymerization preventing agent (PPA). A 
preferred PPA is oxygen. Preferably, the PPA operates to prevent polymerization Initiation from occurring. The PPA 
&s may also operate by limiting polymerization so thai only lew molecular oiieimene species are formed which are easily 
removed in -subsequent washings-. The membrane is exposed to an energy source, such as, but not limited to { - thermal, 
ultraviolet light, electron beam or gamma radiation, either subsequent to PPA diffusion, or white diffusion is occurring, 
which Initiates polymerization in the interstitial volume and second facial surface not diffused to by the PPA so as to 
form the erossllnked polymer coating on membrane surfaces in the interstitial volume not diffused into by the PPA and 
second surface and not in the volume occupied by the PPA or the facial surface contacted with the PPA. 

In certain embodiments of the present Invention, both facial surfaces can be contacted wlm a PPA* to produce 
a modified layer at a depth tn the membrane. 

[0049] In other embodiments, the membrane facial surface contacted with the PPA Is covered with a patterned mask 
with oners areas, allowing the PPA id diffuse through the open areas, biit not where the mask covers ths membrane. 
Trt\& embed imenf results in a pattern of modification In which the covered areas are modified with a free racEeai po- 
lymerized polymer, while the open areas give an unmodified area to a depth controlled by the extent of the diffusion 
process. The mask can he a plastic or metal film cut to the desired pattern, in some embodiments, the mask or mask 
design can be printed or painted onto the surface of the membrane to be In contact with the PPA. 
fOGSO] Also,. She depth of the effect of the PPA can be controlled by varying the concentration of the PPA, By varying 
so the diffusions! driving force, varying depth effects era possible for the same contact time. 

[0051 ] Furthermore the PPA can be applied In a printable format., so that the printed area is unmodified in a subse- 
quent surface modifying polymerization. The PPA can be contained In a liquid, as a solution or a dispersion . or the 
PPA can be used as a pure substance. 

[0(552] In some embodiments, the mask or mask design can be applied on both facial surfaces, of the same or 
55 different design, to produce patterned layers on both sides, 

[D0S31 Other embodiments, using combinations of the methods described above., can be adapted by a practitioner 
to make layer modified membranes not explicitly described herein, 

|0054] A key feature of the invention lies in the use of the PPA to control the free radical polymerization to a depth 
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desired, in the prior art, any attempts at control are due to extent to which the reaction can penetrate Into the membrane 
However, while penetration brings ihe reaction deeper into the depth of the membrane, the outer fecial surface and 
regions dose-by are continuously exposed to the reaction, The relatively longer reaction time can cause differences 
In properties in different regions of the depth, making product control dmicuit tn contradiction to -his, this present 

5 invorUfer; uses a PPA to prevent poiymarteaUon where surface modification is not desired. This allows polymerization 
to occur uniform^ In ihe depth not containing the PPA, 

£GGS5j The steps of the genera! method comprise: providing a porous membrane substrate; optionally washing said 
porous? membrane substrate with a wetting liquid to wet the surfaces thereof ; optionally washing said wet porous mem- 
brane substrate with a second wetting liquid to replace said first wetting liquid, leaving said porous membrane substrate 

?c wetted with said second liquid; contacting a facial surface of said porous membrane substrate with a solution containing 
el least one mono? unctiona! free radieai peiymerkabie monomers, ai least one polyfunctions! free radical poiyroerizabie 
monomer, end optionally one or more polymerization initiatory contacting the membrane from at feast one facial surface 
with an agent that diffuses from -hat facia! surface, polymerization preventing agent (PPA); controlling the depth 
of the diffusion of the PPA so as to prevent polymerization from occurring in me volume into which She PFA has diffused; 

i$ polymerising snld monomers to form acrossltaked coating in ihe volume of the membrane not occupied by the PPA. 
and washing the membrane. A. mask is used for patterned diffusion, If desired. 

[0058] Porous membranes are available in a variety of "'.materials.. Porous membranes are commercially produced 
form ceramic material, carbon, and metallic materials, Polymeric membranes are a perferred embodiment of this 
invention. Representative polymers that can be used to manufacture porous membranes useful in the present invention 

so include polysultone polymers, preferably aromatic suifone polymers, such as poryauSfone and polyethersuifcno poly- 
mers, Other useful polymers are perfluorlnated thermoplastic polymers including poiytetraf Uioroathyiene and polyvi- 
nyHdanadifssoririe. poiyotefln polymers such as polyethylene, ultrahigh molecular weight poiysthyiene and polypropyl- 
ene: ceiiuioslc polymers such as cellulose acetate and cellulose nitrate, polyvinyl chloride, polyvinyl fiuode'e, poiyacry- 
IcrJtrfte, poiyamibes, and polyesters such as poiyeihyieneterepthaiate and poiycamonsie, to a partiouiany preferred 

25 embodiment, the porous membrane Is a poiyvinylidene dlffcioride membrane. Those skilted In the an will readily be 
able to Identify ether polymers useful In the formation of porous membranes suitable for the present, invention. 
[0057] The porous membrane can be a hydrophobic or a hydrophiijc membrane. The porous membrane can be a 
surface modified membrane. 

[0058] As used herein, the term "porous membrane" includes both mlcroporous membranes and ultrafiltration mem- 
30 branes.Tha ultrafiltration and mlcroporous membranes of the invention can be in any of several forms, including sheets, 
tubes, and hoaow t;oers. 

[OOSSj Herein, the torn-! "facial surface' 5 shali moan either or both of the first surface or me second surfaces. When 
discussing surface modifications, "surface" or '"surfaces" shall mean both facfej and Interstitial surfaces, 
[0060] in general, porous membranes can be skinned or unskinned. A skin Is a relatively thin, dense surface layer 
os integral with ihe supstrucSure of the membrane. In skinned membranes, the major portion of resistance ic flow through 
the membrane resides In the thin skin, in bom micropore us and ultrafiltration membranes, the surface skin, where 
present, contains pores leacSng from the facial surface to the continuous porous structure of the membrane bobw the 
skin. For skinned mlcroporous and ultrafiltration membranes, the pores represent a minor fraction of the facial surface 
area , in contrast, an unskinned membrane wiB be porous over Ihe major portion of the facial surface, The facial surface 

6 porosity of the membrane (that is, the arrangement of pores of the facial surface of toe membrane as viewed by, for 
example, scanning electron microscopy; "S£M") can be single pores that are relatively evenly distributed on me facial 
surface of the membrane, or can be discrete areas of porosity, or matures thereof. As used herein, the term "surface 
porosity" as applied to an faciei surface of a membrane Is the ratio of ihe area defined by ihe pore openings of ihe 
facial surface to me total surface area of the faciei surface. 

4s £BGS1 3 Miefcporous membranes useful in Ihe practice of the present invention are classified as symmetric or asym- 
metric, referring to the uniformity of the pore stees across the thickness of the membrane, on m a tubular or hollow 
fiber membrane, across the porous waii of ihe fiber. As used herein, the term "symmetric membrane' 1 means a mem- 
brane that has subsiamiaily uniform pore size across the membrane cross-section. The term 'asymmetric membrane'* 
means a membrane in which the average pore size Is not constant across the membrane cross-section. For example, 

so in asymmetric membranes pore sLms can vary smoothly or dlsoonfinuousiy as a function of location through ihe mem- 
brane oross-secHom As vviii be appreciated, included within the definition of "asymmetric membranes* are membranes 
that have a ratio of pore sizes on one faciei surface to those on the opposite facial surface that are substantially greater 
than one 

p3S2] Reaeiant solutions should preferably wet the all surfaces of the porous membrane. Where the surface tension 
55 of the reactor.* solution is not low enough to sufficiently wet the membrane surfaces, a pre-wetting or washing step 
can- be applied, in some preferred embodiments the porous membrane is first washed with a wash^g liquid which 
completely wets the entire porous membrane surface. Preferably, the washing liquid dees not swell or dissoive ihe 
porous membrane, and a&o can preferably be exchanged with the reactant soietiom in a proi^ac embodiment using 
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an aqueous reactant solution the wetting liquid can be an organic liquid or an organic-water composition haying lower 
surface ianst'on than the surface tension required, to wet the porous membrane.. Examples of suitable welting liquids 
are lower morichydrse alcohols {methanol ethanol, isopropanoi)* and aieohohwater solutions } preferably methanol 
water; ethanoi»waisr, or Isopropanoi-warer solutions. Where a washing step is it is sometimes desirable to perform a 

s second washing stop. For example, where one or more components of the wotting liquid can interfere with {he polym- 
erisation o? cro&sMnttng reactions, a second washing, slap can be used to remove the washing liquid and replace the 
same with a second washing liquid one that does not Interfere, with me pciymedzaiion orcrossimking reacifens. The 
second wash is usually the solvent used in the reaetanl solution, for example, if an aqueous reactant solution is to bo 
used, the porous- membrane having been washed and wetted with the welting liquid described, Is subsequently washed 

w wfth water to remove the first wetting liquid and produce a water tilled porous membrane. The wet pom u$ membrane 
is then contacted with the reactant solution (for example by soaking in the reactant soiu&on) to p:?sduee the desired 
raactani composition In the poms of the porous membrane and on the facia? surfaces. Preferably, the first and second 
washing steps, where desired, are performed at ambient temperatures, for instance; 20*Q to 30' ; C } and preferably for 
times from a few seconds to a few minutes. 

?5 p06S] If the rs&etant solution for forming the coating wets the porous membrane sufficiently: due to containing an 
organic solvent for that purpose, or if the concentration or rcactants in the reactant solution is su#id?mr to lower the 
surface tension of the solution to allow the reactant solution ro fuiiy was me porous membrane, than neither of the 
washing steps are raqutred. Thus, the reactant solution can contain one or more additives which lower the surface 
tension of the reactant solution suffjcientiy to avoid such washing steps, and which do not Interfere wsh the sybseauant 

& polymerisation reaction. Preferred examples of such additives include ethyl hesy! did propylene carbonate, trtoropyf ■ 
enegfreei methyl ether and 2-memyi-2,4-pentane diet The amount of additive so the reactant solution required "to 
achieve proper welting depends on the amount and type of monomers and Initiators being need, and will be readily 
determinable by those of skill in the art without undue experimentation. The reacted solution for the coat-rig Includes 
solvent, at least one monofunctlonai monomers, at toast one polyfunction^ emssllnklng monomer, and. optfcnafiy. one 

& or more initiators. The choice of solvent for the reactant solution depends on the choice of monomers and optional 
initiators, The. solvent preferably dissolves the reactante and the optional initiator; does no? Interfere or Hmsr the 
polymerization reaction, and does not mack the porous membrane. A particularly preferred solver:! Is water, 
[0034] I he ratio of amount of crcssHnker monomer to the total amounted monofunctlonai monomers )s from about 
1 to about 1 0. more preferably from about 2 to about 6, 

oc< [0065| The polymerization of the monofunctlonai monomers and the cress sin king polyfunctions*! monomers of the 
present invasion can be achieved through free radical Inflation and propagation. in so?r>e preferred embodiments, 
one or more tree radical Initiators can be Included in the in the reactant solution containing the monomers to facilitate 
pa riym&f Nation , Any o? a wide variety of initiators known In the art will rind applicability in the present Invention, in some 
preferred embodiments the Initiator or initiators are water soluble. In other preferred embodiments, for axampie when 

55 wotting reactant solutions are used, sparingly water soluble initiators are preferred, 

|00S8} Those of skill In the art will readily be able to determine suitable initiators for a given reactant solution. Exam - 
pies of suitable Initiators include, for example : ammonium parsuifete, potassium pefeuifets, azohie (4-oyancvalerie 
acid, hrgacurs 2959 (Giba Specialty Chemicals, Hawthorn, NY), 2,2^axobis(2-amidino-propanc)hydrochloride and the 
like. Preferably, the Initiator or initiators are used In the range of from about Q.i % to about 1% bv weight, based on 

to the total reactant solution. 

£0067] After the surface of the porous membrane is contacted with {i.e., is saturated with) the reactant solution, 
excess reactant solution removed from the facial surfaces, while still leaving such faciei surfaces wetted with solution! 
for small sheets, excess reactant solution can be removed by. for example, placing' the saturated sheet between two 
layers of plastic film and rolling out excess liquid with a rubber roll, such as, for example, a hand brayer. in processing 

* 5 oonUnuons sheets of porous membranes, removal of excess liquid can be performed mih air knives, which direct a 
stream of air at the facial surfaces. The force of the air stream swoops away the excess reactant solution. One preferred 
technique is to run the sheet between two pressure controlled contacting rolls, at least one of which Is elastomer coated, 
which rotate in the same direction as me sheet. The amount of liquid left in the sheet can be accurately controlled by 
adjusting Ite pressure of the contacting roils. Other means of removing excess reactant solution are readiiv available 

so to workers in the field. 

[SOSS] Monomers capable of being polymerized by free radical "polymerization and cross-linked by free radical pe- 
lymer&able poiyfunctlonai monomers can be used in this method to. form the modified membranes, A complete list of 
suitable pcayrnerteabie monomers would be overly extensive, but practitioners will be familiar with the necessary chem- 
istry to form the desired functionality or surface preetttes desired. Such monomers include, but are not limited to, the 
55 hydroxyaikyi acrytetes or methaerylatss Including 1 -hydroxyprop-2-yi acrylaie and2-hydroxyprop-1 -yt actytete, hydrox- 
ypropylmethacryiate, 2,3-dihydroxypropyi aery late, hydfoxyefhyiacrylate, hydroxyetfcyt meihacrylate or the like or mix- 
tures of these. Other polymerfzable monomers which can be utilised are acrylamides, mefhacryiamides. ethacryia- 
mkies, including dlmethyiacryiamtde and diaeeiona aoryiamids. Vinyipyrrolidone may be used. Positively or negatively 
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charged ion containing monomers, monomers with affinity groups, or monomers mih significant hydrophobic character 
may be used, such as, (3-{me$hacry^^^ chlorides {3-&cryiarr*ldeprc^^ 

moneum cmonde, 2 ^acryiamidcs-2-meihy ! - 1 -propfioesaJfonlo acid and amincpropyjmethaojyiarnWe, Example of cross- 
linking agents tor achates, acryiamides, methacn/iates or methacryiamkfes include Afunctional acryleaes, roethacr- 

5 yfates or acryiamldas such as tatraethylansglycc^iacrylata, glycidy! dSacryiaie, ethosylated tf^ethy^pmpaneiriacr-. 
yisis or methylene bfsaqryiamfciB or the tike. In some cases of cross-linking agents having dlfuneUonaiity or higher 
funcUon&Hty. these agerus can he uUi&ed without an additional monomer in in© coating of this, invention. 
[0069] After the excess reactant solution is removed, polymerization, of the raactant solution Is then begun by ex- 
posing the wet porous membrane to an energy source,' such as heating, uiiraviciet Sghl. electron beam or gamma 

10 radiation. Free radical polymerization initialed by heat is typically achieved by heating the saturated membrane to a? 
least about 80*0 and maintaining thai temperature for from about 0.1 to about 10 minutes, preferably between about 
1 to about 2. minutes. Higher temperatures can be used depending or? She. combination of initiator and monomers used, 
up to the point where boiling or loo rapid vaporization adversely affects the polymerization reaction. 
(0070] in some preferred embodiments , ultraviolet light is used to initiate the in situ polymerization reaction, Prefer- 

fs ably, the porous membrane saturated with the rsac&nt solution (which optionally contains one or mors initiators) is 
Illuminated with an ultraviolet sight source such as Fusion Systems F900 (Hoekviiie, MD) with an M H ,J bulb. Filters ban 
be used to reduce or remove undesirable wavelengths which may causa unwmi&J damage to the porous membrane 
being modified. These of skill in the art will appreciate that the balance of exposure time to the UV lights with lamp 
intensity to optimise polymerization conditions wis! be a matter of routine experimentation. General with a 600 watt 

20 source, exposure times of from about £ seconds to about 10 seconds, preferably from about 3 seconds to about 5 
seconds, will be suitable. 

[00711 in some preferred embodiments, electron beam technology is used to initiate poiymsn2atjon : for example by 
methods described in U.S. Pat, Mo. -4,944,879. Typical, a web or Individual sample is passed through a curtain of 
electrons generated by an electron beam processor. The processor delivers the desired dose at from about 100 kV to 

25 about 2D0 k\K The moving web or sample is transported at a speed suitable to give the desired exposure time under 
the curtain, exposure lime, combined with dose, determines the dose rate. Typical exposure times are from about 0.5 
seconds te auout 10 seconds. Dose rates generally are from 0.05 kGy (kiio&r&y) to about 5 k£y. 
10072} In further preierred embodiments, the polymerization or the monomers of the reaciant solution can be initiated 
by gamma irradiation. Typically, in this method, a wound roil of monomer saturated porous membrane Is irradiated, 

ee The roll can be passed through the reaciant solution and roiled up, or a previously wound up roil can be Immersed in 
the reactant solution. Preferably, me reactant solution is degassed, that is, ireated so as to remove air; and particularly 
oxygen, from the solution, in some preferred embodiments, degassing is accomplished by replacing air with an inert 
gas such as helium, nitrogen or argon. in other preferred embodiments, degassing is accomplished by reducing trie 
pressure over the monomer solution, for example with a vacuum pump. The degassed monomer solution laden ?oU is 

so then sealed wits a sealing material so as to remain in a. degassed stale, and then irradiated at she desired dose. 
•Preferably, the sealing materia; will not be degraded by !hs Irradiation, and also does not significantly retard the gamma 
rays. A wide variety of materials are known In the art to be useful as sealing materials, for example many plasties, and 
borosilicate glass. 

[0073] Typically, total dosages of about 0.02 to about 1 .0 kGy are suitable. Typical exposures of about 5 te about 
40 500 kllorads per hour., more preferably about 5 to about 1 50 kUorads per hour can be. used, wHh typical Irradiation tirnes 
of from about 4 to about 60 hours. Those of skill In the art will readily be able to determine the proper balance of dose 
rate and Urns to arrive at the total dosage. 

[00741 It is known that the presence of oxygen adversely affects free radical polymerization reactions. \i is one aspect 
of this invention that use is made of this usually deleterious effect to control polymerization to a desired volume or 

45 space within the membrane, in a preferred embodiment, concerning flat sheet membranes, iho raactant solution lad- 
ofied sheet has one facial surface Is covered with an oxygen Impermeable film, while me oiher facia! surface is tea 
sxoosed to alroospheric air. Oxygen from the atmosphere diffuses into the solution, to a depth that can be controlled. 
The depth of diffusion Is dependent on several variables, including olffustvity of oxygen in the reactant solution, con- 
centration of oxygen in the surrounding atmosphere, and time of contact of the exposed surface to Ihe atmosphere. A 

so practitioner can in principle change the depth by changing diffusely- for example, by changing solvent, if such a change 
is practical The content of oxygen can bo conceited by diluting with an inert gas, as nitrogen, or by adding oxygon to 
the surrounding atmosphere. The contact time can be changed by changing the spaed of the process, if a continuous 
web process is being run. 

[8075] While oxygen is a preferred PPA, other reagents could be added to the atmosphere to have a similar effect, 
bsono and chlorine gas are examnlas of gaseous reagents that could be used as PPA's. 

[O07S1 it is also conceivable that the reactant soluUon iadened sheet could be covered on one facial surf aca and 
processed through an Immiscible liquid containing a PPA dissolved in the immiscible Squid. Examples of possible liquid 
borna PPA's are diphenylpicjyihydra^ii, and copper chloride, Other examples are given in "Principles of Polymerization* 
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3"* Ed, p&gs 283, Seorge Qdizn: W8ey-taterscienc8 $ John Wiley & Sons; Pushers, 

T0077] Another method takes advantage of the fact the a PPA vvil! react. with an optional free radical Initiator. As 
shown in Hxampie 6, further on in mis specif&atiDn* by contromngths concentration of the optional free radical initiator, 
The inventor fcas been abie to control the dspth of PPA diffusion. This is due to the fact that the PPA is used up as it 
s diffuses in proportion to the concentration of any -roe radical fnUiator used, 

£00?$! To produce a pattern using the techniques oi the present if; venison, a prae&jone? would cover one hada* 
surface as above with an Impermeable l\\m or sheet and cover the opposing facia; surface with a sheet having openings 
in (he desired pattern. Diffusion of the PPA will occur through the openings, forming a pattern m depth where no po- 
iymer&auon has occurred. 

10 [0079] A practitioner ccutei chose to have a patterned formed on both sides of a flat sheet membrane by applying a 
patterned sheet, which eouid be the same or of a different ■pattern, on each side. A practitioner could' even chose to 
ieave both facia; surfaces uncovered and to mi the modification in the interior of the membrane, 
[0080} A practitioner is not Hmftsd to a single modification. For example, a membrane can be modified uniform Sy with 
a first polymer coating and then spatially modified with a second coaling. Also, a first spatial coating can bo coaled 

»s with a second spatial costing which covers only a subpaitem of the first pattern, 

|0&Si j !t will ho evident to a skilled practitioner thai many variations of membrane modif ication can be accomplished 
by the methods o? the present invention. 

[0082| The methods of the Invention are applicable to the fabrication of tubular and hollow fiber membranes. Coating 
methods are known from the textile fiber and monofilament Industries which can be adapted to this process. 
[Q0S3j it is not the intent of the discussion of the present Invention to exhaustively present ail combinations, substi- 
tutions or modifications thai are possible, hut to present representative, methods for the edification of the skilled prao- 
tihonon Representative examples have been given to demonstrate reduction to practice and are not to he taken as 
limiting the scope of the present invention. The inventor seeks to cover the broadest aspects of the invention in the 
broadest manner known at the time the claims were made, 

Methods 

[0034] An Eieeiroscan ESEM 3 (available from PhWlps Electron Optics) was used to evaluate the wetting properties 
of membrane samples. A portion of membrane from the treated sample was freeze fractured (as described further 
below), then mounted for cross sectional analysis on a Peter stage- cooled to 5- CX The cross sectioned sample was 
oriented with the hydrophobic side to the top of the of the image frame. The ESEM chamber was pumped down from 
atmosphere to a set pressure of 5 Tore and then flushed wiih water vapor to 10 Torr using the flood control The flood 
control was then released. When the chamber pressure again reached 5 Tom It was flushed agam to 10 Torr with water 
vapor. This procedure was followed three times in order to exchange room air with water vapor in the chamber. The 
as chamber pressure was then set to 7 Torr. Fine adjustments to doth chamber pressure and stage temperatur e were 
made to maintain liquid water on the sample stub. After the membrane wet, a representative image was acquired, 
images' were acquired using a beam accelerating voltage of 1SKV & a magnification of SO Ox. images were acquired 
through the Orion Image Acquisition System. 

[GOBS] The cross -secUcn&l image showed the wetiabje region as dark end featureless : because the £$EM beam 
*o does not penetrate the water that condenses in the hy droph liic regions. 

|0G3S| Sample preparation (Le., freeze fracturing) commences by laying a sample flat on a suitable sample prepa- 
ration table. A rectangular piece approximately 3~5mro x 1S-20mm in size is cut from the sample, The rectangle piece 
is held by tweezers about % of the way up from its base, and submerged In LN a until samples temperature reaches 
equilibrium, Sgutf&rium typically occurs in about 1 0 seconds. The sample Is then removed trcm the liquid nitrogen bath 
and fractured Immediately by bending a using second pair of tweeters. The fractured piece is placed fist on the sample 
preparation table, and cut approximately 2mm perpendicular to the fracture. The cut sample is mounted upright (frac- 
tured edge up) on a sample stub using conducive adhesive, then sputter coated with a conductive meiaS at a thickness 
of approximately 20 to 30 A, whereupon it is essentially ready for placement in an SEM chan'tber for image acquisition, 
ExierU of macrjiheadon is t of course, sample dependent. 

$Q 

£xarno[es 
Example 1 

55 Hydrophiile O.SSu Durapora (poiyvlnylidane fluoride microporous membrane. Mililpore Corporation, Bedford; 

MA) ss treated with a formulation consisting of 3.5% ^onyi liuoroacryiate {Ls, t 2-{hl-sthyiperfiUorooctanesuifonamido} 
ethyi aery iata and analogs, available from Dupont Corporation, Wilmington , Deiaware ; under the tradename ZcnyFTAN), 
0,5% hexanedioidiacryiate, and 0.1% kgmure £21 (Le^ dimefhoxy--2-phe;nyiacetophonone : available from Ciba 
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Specialty Chemical, Hawthorn, New York;) m cjecan^yitetra^oxano. The membrane is placed on a sheet of paly- 
ethylene. Mo cover shea! is applied \o the opposing facial surface. The membrane Is transported through a Fusion 
Systems F600 (Rockviue, MO) UV unit at ten feel per minute with UV Sight exposure only directed toward the side 
covered by the polyethylene sheet. The uncovered side is not directly exposed and is in direct contact with me oreoa- 

s onere mat contains, among Qtherifcings, oxygen and ozone. After emerging from the unit, the membrans is Immediately 
placstf In methanol to wash oui onreaeieci species and other noneovaienily attached molecules. 
[0088j After drying, the membrane displays ivvo sided properties. The side thai was exposed io oxygen and ozone 
remains very hydrophillc. white the other side has become very hydrophobic. A drop of water pieced on the hydrophillc 
side vvtoks In and rapidly spreads out in a radial direction. Methane* does noi wet the hydrophobic side. Environmental 

» Scanning Electron Microscopy (ESEM) revels thai about half {SO microns) of the membrane te-hydrophSSo, while the 
remaining half is hydrophobic. A copy of the £SEM is shown in Floors 1, The darner, homogeneous layer Is the hy* 
dropniiic zona 

[GOSSj HydrophjHcO.SSu Durapore (DVPP) is treated with aeuperphobic formulation consisting of 3.5% DuPontzonyl 
ftudrcecrytate, 0.5% hexanedioidtacivlats, and 0.1% irgaoure 621 in decamethyltotraslloxane. T he membrane is placed 
on a sheet of polyethylene. A polyethylene cover sheet ;s applied that has open spaces corresponding to a pattern. 
This pattern can be in any shape. In this example the pattern is made by cutting out from the polyethylene sheet a lane 
about 2 mm In width ending In a circle about 5 mm If ■ diameter. The membrane is transported through a Fusion systems 
UV unit at ten feet per minute with UV light exposure only directed reward the side covered by the unpaUerned poiy- 
ethylene sheet. The side covered by the patterned polyethylene sheet Is not dfrectly exposed and Is i?3 direct contact 
with the atmosphere lhat contains, among other things, oxygon and ozone. After emerging from the unit, the membrane 
is Immediately placed in methane) to wash out unreached species and other noncovaiently attached rnoiscales, 
£5 [009D] The entire membrane is hydrophobic except for the area corresponding to the cut-out pattern. This region is 
hydrephlilo and wets with water to a depth of about 80 microns. 

Example 3 

50 [0091] In this example the depth of the hydrophobic layer or region is reduced by changing the concentration of the 
formulation ingredients. To make the hydrophobic region smaller, the active Ingredients in the formulation are decreased 
in concentration, HydrophilleO.Sou Durapore {DVPP) is treated with a superphebic formulation consisting ot 2% DuPem 
zonyj fiuoroacrylate, 0.32% hexanedlcidlacryiate, and 0,066% Secure 621 In decameihyltetrasitoxane. The membrane 
is placed on a sheet of polyethylene. No cover sheet is applied to the opposing facial surface. The membrane Is 

55 transported •hrauo.h a Fusion systems UV unit at ten feet per minute wltn UV light exposure only directed toward the 
side covered by the polyethylene sheet. The uncovered sloe is net directly exposed and is In direct contact with the 
atmosphere thai contains, among other things, oxygen and ozone. After emerging from the unit, the msmbrano is 
immediately placed In methanol to wash out unreacted species and ether nonoovaiengy attached molecules. 
18032] After drying, the membrane displays two aided properties, One elds 1$ veryhydrophlllo ; while the other is very 

& hydrophobic. A drop of water pieced on the hydfophillc side wicks in and rapidly spreads* out In a radial direction, 
^eihanordoos not wet the hydrophobic siOo. environmental Scanning Electron Microscopy (~S£M> revels that abort 
85% of the membrane forms the hyo'rcpblilo layer, while the remaining 15% Is hydrophobic A copy of the £$EM is 
shown in Figure 2, The darker, homogeneous layer is the hydrophmc zone. 

Hydrophillc. 0.65u Durapore (DVPP) Is treated with a formulation containing a positively charged monomer, 
Theformtrtsilon consists of 12% aoryiamidopmpy^methylammonium chloride, 1% rnethyfeneblsacrytamkie, 0.2% |r- 
gaeure 295$ 4- (2-hydroxyethexy)pnenyh(2-prcpyi)kelone i available from C?ba Specialty Chernleaish and % 

^ vvater. The membrane Is placed on a sheet of polyethylene. No cover sheet Is applied The membrane Is transported 
through a nnslon systems UV unit at ten feet per minute with exposure only directed toward the side covered by the 
polyethylene sheet. The uncovered side Is not directly exposed and Is In direct contact with the atmosphere that con- 
tains, among other things, oxygen and ozone. After emerging from the unit, the membrane Is Immediately pieced In 
water to wash out unreached species and other nonoovalently attached molecules. 

*® [0094] A sample of the membrane Is placed In a solution of the negatively charged dye, Ponceau S £&, (S-hydroxy- 
4-{2"SUl?o-lH4-sulfophenyia2o)-phenyia£c}-2..7 naphihaiensdlsulfonlc acid tetrasodlum sa* available from Sigma- 
Aldneh, Milwaukee, Wisconsin), After trsattng the sample tor 15 minutes and washing with water until no further dye 
Is removed the sample shows that the side covered by the polyethylene sheet la stained red and therefore is positively 
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charged^ white the side uncovered by the polyethylene remains unstained and colorless. 
Example 5 

5 [0005] This example demons! rates the ability to control the thickness oi the fevers or regions by* changing -he con- 
centration oi \m free radical initiator In she modifying forrnulatkm. The first formulation of the series was composes of 
7.0% Oopootzonyi fluoroaefylate ; 1 .0% hexanedioldiacryisio, and 0.2% irgacare 621 in o'ecamslhyttetfasllpxarie. Toe 
phototoii&lor, *fgacur« 60 K was decreased by diluting the starting formulation. The thickness of the phobic layer de- 
creased stepwise and In a eoatrolteo: manner when the membrane of Sxamplo 1 was processed as described in £x- 

6 arnpie 1 , This Is shown In the following Tabic- 1 . 



Table 1 





Weigh! % Initiator | 


% of Thickness , Hydrophobic 


% of Thickness Hydrophilic | 




0.2 


80 


20 | 




0.17 
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60 


40 
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40 
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0.063 


30 


70 




0.057 


1 5 


85 




0.05 
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f 92 
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Example & 

[GOOSJ The object of this experiment Is to show that a PPA In a Uquid carrier can bo used The PPA In this example 
Is 2,£ t <3sphenyM -pb-yihydrazyi (DPPH) (SJgma-Aidncrt), An I nk less fait tipped pen or equivalent is dipped into a V% 
methanolse solution of DPPH and used to make markings on a cheat of feydrophtHc DVPP membrane. The solution is 
applied in aeverai locations w?th the volume delivered penetrating the membrane eilher fully or partiaBy. Th* rnetbanol 
Is avowed to evaporate. The membrane is treated with the solution from Example 1 , placed between 2 poiyathyteoe 
sheets so that both sides of ihe membrane are covered to prevent oxygen from diffusing from either side and acting 
as a PPA. The specimen is then exposed to UV light, washed and dried as In Example 1 . 

[00$?] Upon application of water over both sides of the membrane, wetting occurs only where the DPPH was applied 
and only In the form of the markings. This is due to the retardation of polymerization by the DPPH. The hydrophobic 
surface modification is then formed throughout the membrane except where the DPPH acts as a PPA. Wetting pene- 
trated the full thickness of the membrane In those locations where the methanoile solution penetrated the full depth. 
In those locations where the methanoile solution only partially penetrated, the wotiing likewise only partial penetrated 
the membrane depth. 



Claims 

1. A porous membrane having 3 first porous surface, a second porous surface, and a eontlnrjoos porous structure 
start-extends throughout the membrane from the first to the second surface defining a thickness, said membrane 
having a free radical polymerized polymer coating iayer : said layer being less than the thickness of said membrane. 

£. The membrane of claim 1 , wherein the coating extends into the porous structure to a depth less- than said thickness, 
and includes said first surface. 

2. The membrane of claim 1 , wherein the coating is a patterned coating, 

4, Ths membrane of claim 1 , wherein the porous membrane comprises polymer material. 

5, The memo fans oi" claim 4, wherein said polymer materia: Is an aromatic peiysuifone. 

6, The membrane of claim 4> wherein said polymer material pciyvlnyJfcSsne oifluoride, 

7, A porous membrane suitable for use in enzyme assays having a first porous surface, a second porous surface, 
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and a continuous porous structure that extends .throughout the membrane from the first to the second surface, 
said membrane having a free radical polymerized hydrophobic polymer oozing layer, said layer being less than 
the thickness of said membrane, 

.3. The merr^brane of claim ?, wherein the coating- extends Into the porous structure to a depth less than said thickness, 
and includes said first surface, 

9, The membrane of claim 7, wherein the porous- membrane comprises ptisyrn&r mssenai. 

10, The membrane of claim 9, wherein saki polymer material is an aromatic poiysulfor.s 
11< The membrane of claim 9, wherein said polymer materiel is polyvinylidene dlOuonde. 

12. The membrane of claim 7. wherein the hydrophobic polymer coating does not wet with a liquid haying a surface 
tension greater than about ISmN/m. 

13. The membrane of eSaim 7, wharem the hydrophobic polymer coating does not wet with a liquid having a surface 
tension greater than about 21 mH/m. 

14. A method of making a porous membrane having a first porous surface, a second porous surface, and a continuous 
porous structure that extends throug hout the membrane from the first to the second su rf ace { said membrane having 
a spatially controlled free radical polymerized polymer coating free radios* poiyrnedzed polymer coating layer com- 
prising less than the thickness of safe membrane, said method comprising the steps of: 

(a) providing a solution comprising as components at least one free radical polymerizable monomer, a posym- 
enzatioh Initiator and crosa-Hnking agent for said at least one monomerirta solvent for these three constituents 

(b) salorating the membrane wftti said solution, 

(c) contacting the membrane from at least one facial surface with an agent that diffuses to a controlled depth, 
said agent being capable of substantially preventing polymerisation from occurring within said controlled depth, 
and 

(d) forming a ercssfmked free radloa; polymerized polymer coating from sa& sotui?on on the surfaces of said 
membrane not within the depth containing said agent. 

1 5. The method of claim 1 4, farther comprising the step of wetting the porous membrane with a wetting liquid compatible 
with S3:d solvent, 

16. The -nethod of c^m 15 : further comprising the step of exchanging said wetting liquid with said solvent. 

17. The method of claim 1 4, further ocroprlsingiho atop of covering at feast one facial surface with a patterned masking 
moans having permeable and Impermeable regions, said covering step occurring prior to stop (o). 
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